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Summary of Completed Project

This proposal supported observations of comets at submillimeter wavelengths. The prime science
objectives were to use rotational transitions in molecules to measure the compositions and
outgassing rates of the comets. The second science objectives focussed on the use of the
submillimeter continuum radiation to provide a measure of the solid particle content and production
rate in the comets. Both quantities provide fundamental constraints on the nature of these primitive
bodies. The gas and dust measurements provide context for NASA’s on-going and future studies
of comets using in-situ spacecraft. Submillimeter continuum data, in particular, samples the largest
particles in the cometary dust grain size distribution. These particles contain the bulk of the mass

and present potential hazards to spacecraft when inside the dust coma.

Techniques Used

Measurements were primarily taken at the 15-m diameter James Clerk Maxwell Telescope (JCMT),
with supporting data at other wavelengths from the University of Hawaii 2.2-m and Keck 10-m
telescopes. We used heterodyne spectrometers with both frequency and position switching to

cancel the sky background. The SCUBA bolometer array was employed for the continuum



observations.

Personnel

This grant supported research' by the PI, by postdoctoral scholar Dr. Yan Fernandez, and was
briefly used to secure help from University of Hawaii graduate student with data reduction. On the
basis of work done under this grant, Dr. Fernandez has recently secured new support from a

SIRTF Fellowship.

Findings and Implications

Under this grant we have

1 Measured the deuterium to hydrogen (D/H) ratio in comet Hale-Bopp, from both the water
molecule and hydrogen cyanide (papers 2 and 4). High cometary D/H is most naturally explained
by ion-molecule reactions occurring in the interstellar medium before incorporation into the comets.
The cometary D/H is 3 times higher than in ocean water, showing directly that the terrestrial oceans
are not formed wholly by the impact of comets like Hale-Bopp. This result has spawned a number
of theoretical investigations by others which attempt to reconcile the oceanic and cometary D/H

ratios with a consistent model of planetary formation and volatile accretion.

2 Measured the HNC isopotomer at a range of heliocentric distances (Paper 3). This molecule
provides compelling evidence that coma chemistry occurs (i.e. the molecules and fragments in the

coma interact with sunlight to yield more than just dissociation products).

3 Measured the submillimeter cross-section of Hale-Bopp as a function of wavelength, time
and heliocentric distance (Paper 5). These measurements, possible only because of our special

access to the JCMT, showed that

. the largest particles dominate the cometary mass balance (meaning that optical and 10 ym
observations cannot be used to directly assess the mass production)

. the submillimeter spectral index of comet dust is indistinguishable from that of dust in the
disks surrounding T-Tauri stars

. the perihelion production of dust in this comet was near 2000 tonnes/sec and, integrated

around the orbit, some 2 x 10!3 kg were released.



4  Thermal detections of macroscopic bodies (the cometary precursors (“Centaurs”) Chariklo,
Asbolus and Chiron and the dead comets) reveal low albedos consistent with earlier measurements
of the cometary nuclei, but also some objects with significantly higher reflectivities (papers 1,8,9
and 10). The albedos of objects with comet-like Tisserand invariants are found to be uniformly
low and comet-like, providing the first evidence for a link between dynamical and physical
properties. These measurements provide a hint of the richness and compositional diversity to be
sampled by SIRTF.
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